



著者 吉崎 健太, 更科 元子, 鈴木 清夫, 須田 学, 須藤














































吉崎 健太・更科 元子・鈴木 清夫 








 ྜྷᓮ ೺ኴ࣭᭦⛉ ඖᏊ࣭㕥ᮌ Ύኵ࣭㡲⏣ Ꮫ
























































<Project research>  
Creative Teaching Materials, Method and the Development of the Curriculum  
- From six years of a junior and senior high school to the university - 
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࢔㸧Ꮫᰯ⤂௓ ఀᆅ▱ ㇏㸦ᩍ㢌㸧 
࢖㸧SSH஦ᴗ⤂௓ ᡂ⏣ ⱥᏹ㸦SS஦ᴗ㒊୺௵㸧 
࢘㸧ㄢ㢟◊✲࣭ホ౯࣭ᩘᏛ㛵㐃஦ᴗ࣭ᤵᴗ⤂௓ 
           ⏣୰ ⣖Ꮚ㸦ᩘᏛ⛉୺௵㸧 
࢚㸧㛵㐃ࡍࡿάື⾜஦㸪㐠Ⴀ᪉ἲ㸪᪋タά⏝࡞࡝ 





⏝࡞࡝㸧 ᭦⛉ ඖᏊ㸦◊✲㒊SSHᢸᙜ㸧 
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ㅮ ᖌ㸸኱ᓥ ⰾ 㸦ᶞᮏᰯ2%኱㜰኱Ꮫ,02ฟሙᅇ㸧



























































































































































































































































































኱఍ࡢ᪥ᮏ௦⾲ 㖟࣓ࢲࣝ1  ྡ㖡࣓ࢲࣝ1  ྡ









































ࠕA. ௦ (ᩘAlgebra) 㸪ࠖࠕAn. ゎᯒ(Analysis) 㸪ࠖࠕG. ᗄ
ఱ(Geometry) 㸪ࠖࠕP. ☜⋡(Probability) 㸪ࠖ 
ࠕS. ⤫ィ(Statistics) 㸪ࠖࠕD. ᚤศ᪉⛬ᘧ(Differential 
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᩵ᤎՁф ᵐۂ֏ȡ୼țᇅဵ  ᵂ
  ᫘֏țឋၔ 
୵  ై  ֔ᵐ֎Ίȡ୼ȡ׃ǿ˻߉ȚǵȾᓋྍ୼ȡϚ୼ 
 
ʮͺͣΌͶʯ

















(1) 122ȷ500ȡȻǹȞ ֎ᵂΊȡ୼ȡ׃ǿ 5ȚǵȾȵ
ȡȢјᥛȚΐϚǵȾǾǞ 
(2) 983ȷ 776ȡȻǹȞᵂ֎Ίȡ୼ȡ׃ǿ 20ȚǵȾ
ȵȡȢјᥛȚΐϚǵȾǾǞ 






























 ׃ǿ5ȚǵȾȆțɅ  ǏǏǏǏǏ  țᚵȌǞ 
Ȇȡ 5ϚȡǏɅᵂᄦȡΊᵂԳȡΊᵂ˻ȡΊȞҪȄȾ
2 సȡ͝ҫȽᶒȡїȿசǿΐᤇȽǾɅฉȴȿȣȻǷǞ 
 ᄦȡΊȢ1ͨ́ȚǵȾǾȼᵂ˻ ჆࢘ȡǏɅҫȽ᫥Ȋ  ᵂ
 ǏᴾǏǏǏǏᶒᶒᴿ  ȡɜɴɤѧɅ̏ȬǾǻȾǞ 





























































 ǏǏǏǏǏǏǏᶒᶒ ȡ̏ȬǾǻசț֓ȋȓǾȼ  ᵂ

















  ǏᴾǏǏǏǏǏǏǏᶒᶒᴿ   ȡɜɴɤѧɅ 













֎Ίȡ୼ǿ 10శ໘ȚǵȾȆțɅྋ᜗Ȋș୼ǻȾț  ᵂ
  ǏᴾǏ19Ϛț͝ҫȽᶒ2సᴿ  ȡɜɴɤѧɅ 
̏ȬǾǻșᵂ 210221  C ᴾϚ  ᴿ
 ȆȡǹȔᵂ10ͨ́ȡ୼ȡΊǿ 2ȗǵȾȵȡȢ 
ᴾᄦȡΊǿ10ᵂԳȡΊǿ10ᵂ˻ȡΊǿ0ᴿț 
ᴾᄦȡΊǿ10ᵂԳȡΊǿ0ᵂ˻ȡΊǿ 10ᴿȡ2ϚǞ 
 ᄦȡΊȡȲǿ11ͨ́ȚǵȾȵȡȢ  ᵂ
  Ǐ11ϚᴾǏ9Ϛț͝ҫȽᶒ2సᴿ ȡɜɴɤѧɅ 
  ̏ȬǾǻșᵂ 55211  C ᴾϚ  ᴿ
 ᄦȡΊȡȲȔȺǹȜ10ȚǵȾȵȡȢ  ᵂ
  ුȽȡΊȢ1ͨ́Ț׃ǿ 10ȓǾȼᵂ9ϚǞ 
 ԳȡΊȡȲǿ11ͨ́ȚǵȾȵȡȢ  ᵂ
  ǏᴾǏ8Ϛț͝ҫȽᶒ2సᴿ  ȡɜɴɤѧɅ 
̏ȬǾǻȒǵț ԳᵂȡΊȞǏɅ 11ϚӨǻȿȣΖȿ
ȾǾȼᵂ 45210  C ᴾϚ  ᴿ
ԳȡΊȡȲȔȺǹȜ10ȚǵȾȵȡȢ  ᵂ
  ුȽȡΊȢ1ͨ́Ț׃ǿ 10ȓǾȼᵂ9ϚǞ 
 ˻ȡΊȞȗǷșȢԳȡΊț֓ൊȚǵȾǾȼ  ᵂ
－ 39 －
  
 ฉȴȾϚ୼Ȣ  ᵂ







 ୼ȡࠍȈǷᭋȞఛȀ́ȅȾț  ᵂ
159 1ᵂ68 1ᵂ77 1ᵂ86 1ᵂ95  ᵂ
249 2ᵂ58 2ᵂ67 2ᵂ76 2ᵂ85 2ᵂ94  ᵂ
339 3ᵂ48 3ᵂ57 3ᵂ66 3ᵂ75 3ᵂ84 3ᵂ93  ᵂ
429 4ᵂ38 4ᵂ47 4ᵂ56 4ᵂ65 4ᵂ74 4ᵂ83 4ᵂ92  ᵂ
519 5ᵂ28 5ᵂ37 5ᵂ46 5ᵂ55 5ᵂ64 5ᵂ73 5ᵂ82 5ᵂ91  ᵂ
609 6ᵂ18 6ᵂ27 6ᵂ36 6ᵂ45 6ᵂ54 6ᵂ63 6ᵂ72 6ᵂ81 6ᵂ90, 
708 7ᵂ17 7ᵂ26 7ᵂ35 7ᵂ44 7ᵂ53 7ᵂ62 7ᵂ71 7ᵂ80  ᵂ
807 8ᵂ16 8ᵂ25 8ᵂ34 8ᵂ43 8ᵂ52 8ᵂ61 8ᵂ70  ᵂ
906 9ᵂ15 9ᵂ24 9ᵂ33 9ᵂ42 9ᵂ51 9ᵂ60 
Țᵂ֏᜴ 5ᵁ6ᵁ7ᵁ8ᵁ9ᵁ10ᵁ9ᵁ8ᵁ7 








ȀȒțঈɂȿȾ႟ॗȵǷȒǿᵂ̀ ᜨ୼ȡ᜴ኹȚǷǻȣ  ᵂ
 
͹մ๑%ʃ










֎Ίȡ୼ǿ 10శ໘ȚǵȾȆțɅྋ᜗Ȋș୼ǻȾț  ᵂ
  ǏᴾǏ14Ϛț͝ҫȽᶒ2సᴿ  ȡɜɴɤѧɅ 
̏ȬǾǻșᵂ 120216  C ᴾϚ  ᴿ
 ֎Ίȡ୼ȡ׃ǿ 15ȚǵȾǾȼᵂ10ͨ́ȡΊǿၑȿ
ȾțȌȿȣ1ȗȚǵȾǞ 
 ᄦȡΊȡȲǿ10ͨ́ȚǵȾȵȡȢ  ᵂ
  Ǐ10ϚᴾǏ5Ϛț͝ҫȽᶒ2సᴿ ȡɜɴɤѧɅ 
  ̏ȬǾǻșᵂ 2127  C ᴾϚ  ᴿ
 ԳȡΊȡȲǿ10ͨ́ȚǵȾȵȡȢ  ᵂ
  ǏᴾǏ4Ϛț͝ҫȽᶒ2సᴿ ȡɜɴɤѧɅ 
  ̏ȬǾǻȒǵț ԳᵂȡΊȞǏɅ10ϚӨǻȿȣΖȿ
ȾǾȼᵂ 1526  C ᴾϚ  ᴿ
 ˻ȡΊȞȗǷșȢԳȡΊț֓ൊȚǵȾǾȼ  ᵂ
 ฉȴȾϚ୼Ȣ  ᵂ




















 ȐȡǹȔᵂ֎Ίȡ୼ȡ׃ǿ6ȚǵȾȵȡǿ21Ϛ  ᵂ
      ֎Ίȡ୼ȡ׃ǿ24ȚǵȾȵȡǿ10Ϛ 
ǵȽᵂු ȽȢȌȬș֎Ίȡ୼ȡ׃ǿ15ȚǵȾȵȡȡ
ȢȍȚǵȾǞ 


















֎Ίȡ୼ȡ׃ǿnᴾ 271 ƈƈn ᵂnȢ୾୼ᴿȚǵ
ȾȵȡȡϚ୼ )( nT ɅᵂnȡऔȚᚵȊȝȈǷǞ 
 
ȝǽᵂ )( nT ȞȗǷșᵂȆȆȱȚȞǵȅȒᜬแȞȵ
țȘǷș᜴ኹȌȾțᵂණȡȻǹȝፙ౬Ʌख़ȾǞ 
 
n  1 2 3 4 5 6 7 8 9 
)( nT  1 3 6 10 15 21 28 36 45 
 
n  10 11 12 13 14 15 16 17 18 
)( nT  54 61 66 69 70 69 66 61 54 
 
n  19 20 21 22 23 24 25 26 27 











21    nnnT n  












1810 ƈƈn ȡțȀ  ᵂ




89100 )()()()( nnnn   







Ȁᵂᴾ Ȣȋȴȡ0țǽɂȽȡ0Ȣ֎8Ϛ  ᴿ
0ᵂ0ᵂ0ᵂŋᵂ0ᵂ1ᵂ2ᵂ3ᵂ4ᵂ5ᵂ6ᵂ7ᵂ8ᵂ9ᵂ10ᵂ
9ᵂ8ᵂ7ᵂ6ᵂ5ᵂ4ᵂ3ᵂ2ᵂ1ᵂ0ᵂ0ᵂ0ᵂŋᵂ0 
ȆȿɅn჆ᅔǾȼᭋȞ )( 8n ჆ᅔȱȚ 9ϚӨǻȒȵ
ȡǿ )( nT ȚǵȾ țᵂᐧǻȾȆțǿȚȀȾǞᴾ˻ᥛȡ႟
ॗȢȆȿɅǧӿȂ࠷ၔឋǨț֔͠ȄșǷȒ  ᴿ
ȊȒǿȖșᵂ 91 ƈƈn ǽȻȦ 2719 ƈƈn Ȟȗ
ǷșȢᵂ )( nT Ȣ̀ᜨ୼ȚǵȾǞ 
 ˻சᵂ 1810 ƈƈn ȞȗǷș ٧ᵂȡȻǹȞǧ࠷ȡ̒
ܝᥛǨȫሢӿȌȾțᵂ५ȍෂசऻȡǾȒȔȚΓȾǞȆ
ȡෂசऻȡ˻ᣜȢᵂ̒४Ǿȼȡȍȿ 14n ȚǵȾǞ
ǧ࠷ȡ̒ܝᥛǨ 7014  )(T ȚǵȾǾȼ  ᵂ














֎Ίȡ୼ȡ׃ǿnᴾ 361 ƈƈn nᵂȢ୾୼ ȚᴿǵȾ
ȵȡȡϚ୼ )( nT ɅᵂnȡऔȚᚵȊȝȈǷǞ 
 
4ಬȞȝȾțᵂȌȬșఛȀ́ȅșǷȂᜬแAȚȢ᪞





 4ಬȚȢᵂ 91 ƈƈn ᵂ 1810 ƈƈn ᵂ 2719 ƈƈn ᵂ
3628 ƈƈn ȡ 4ᤇȽȞۂ֏ҪȄȌȾȆțȞȝȾǞᜬ
แBȡȻǹȞ 4ᵂಬȡۂ֏Ȣ10999țȡ࢜ɅțȾȆț
ȞȻȖșᵂ֎Ίȡ୼ȡ׃ǿnȚǵȾȵȡțᵂ֎Ίȡ୼
ȡ׃ǿ )( n37 ȚǵȾȵȡțȡ˻߿˻߿ॲɅᐧǻȾ
ȆțǿȚȀȾǾȼᵂߍᠧᄪȞȢ 181 ƈƈn ȞȗǷș
ᐧǻȿȣȻǷǞȱȒᵂ 91 ƈƈn ȞȗǷșȢ֎Ίȡ୼
ǿ 10 ͨ́ȞȝȖșȊȱǹȆțɅᐧǻȾ५ᜎǿȝǷǾ
ȼᵂ 32Cn ȚฉȴȼȿȾǞු ȽȢᵂ 1810 ƈƈn ȡۂ֏
ȡȲȚǵȾǞ 











౦ژେֶ (2017) ୈ 3໰




(1) αΛ 0Ͱͳ͍ෳૉ਺ͱ͠ɼ఺ αͱݪ఺OΛ݁
Ϳઢ෼ͷਨ௚ೋ౳෼ઢΛ Lͱ͢Δɻ఺ z ͕௚
ઢ L্Λಈ͘ͱ͖ɼ఺ wͷي੻͸ԁ͔Β 1఺
Λআ͍ͨ΋ͷʹͳΔɻ͜ͷԁͷத৺ͱ൒ܘΛٻ
ΊΑɻ
(2) 1ͷ 3৐ࠜͷ͏ͪɼڏ෦͕ਖ਼Ͱ͋Δ΋ͷΛ βͱ












C = {x+ yi | x, y ∈ R} (i2 = −1)
Ͱ͋Δɽ
໰ 1. ఆ਺ α, β, γ, δ ∈ Cʹରͯ͠ɼ− δ
γ
ͱҟͳ
Δෳૉ਺ΛఆٛҬͱ͢Δؔ਺ f(z) = αz + β
γz + δ
Λߟ
͑Δ (͢ͳΘͪɼγz + δ = 0)ɽ͜ͷͱ͖ɼf(z)͕
ఆ਺ͱͳΔ (z ͷ஋ʹΑΒͣҰఆͷ஋ΛͱΔ) Α͏
ͳ α, β, γ, δͷ৚݅ΛٻΊΑɽ
ղ f(z1), f(z2)ʹ͍ͭͯɼ
f(z1) = f(z2)





⇔ (αz1 + β)(γz2 + δ) = (αz2 + β)(γz1 + δ)
⇔ αδz1 + βγz2 = αδz2 + βγz1
⇔ (αδ − βγ)z1 = (αδ − βγ)z2
⇔ (αδ − βγ)(z1 − z2) = 0 · · · (∗)
͕੒ཱ͢Δɽf(z) ͕ఆ਺Ͱ͋ΔͳΒ͹ɼz1 = z2 ʹ
ରͯ͠ɼf(z1) = f(z2)Λຬͨ͢ͷͰɼz1 − z2 = 0,
(αδ−βγ)(z1−z2) = 0ΑΓɼαδ−βγ = 0ΛಘΔɽٯ
ʹɼαδ − βγ = 0ͷͱ͖ɼ(αδ − βγ)(z1 − z2) = 0͔
ΒɼఆٛҬͷ͢΂ͯͷ z1, z2 ʹରͯ͠ f(z1) = f(z2)
ͱͳΔͷͰɼf(z)͸ఆ਺ͱͳΔɽΑͬͯɼٻΊΔ৚݅
͸ αδ − βγ = 0Ͱ͋Δɽ





(ͨͩ͠ɼαδ − βγ = 0)
Λ 1࣍෼਺ม׵ͱ͍͏ɽ৚݅ αδ−βγ = 0͕͋Δ͜ͱ
͔Βɼ໰ 1ͷ݁ՌΑΓɼf(z)͸ఆ਺ͱ͸ͳΒͳ͍ɽ͞
Βʹɼ໰ 1ͷղͰಘΒΕͨಉ஋ (∗)ʹ஫ҙ͢Δͱɼ
z1 = z2 ⇒ f(z1) = f(z2)
ͳͷͰɼf(z)͸୯ࣹ (1ର 1ʹରԠ͢Δࣸ૾)Ͱ΋͋Δɽ
ྫ 1. 1࣍෼਺ม׵w = αz + β
γz + δ
͸ɼ࣍ͷม׵ (Ҡಈ)
ΛؚΉɽͨͩ͠ɼαδ − βγ = 0Λຬͨ͢͜ͱʹ΋஫ҙ
͓ͯ͘͠ɽ
(1) ฏߦҠಈ
w = z + β
α = 1, γ = 0, δ = 1ͷͱ͖Ͱɼ
αδ − βγ = 1 · 1− β · 0 = 1 = 0Λຬͨ͢ɽ
(2) ݪ఺OΛத৺ͱ͢Δ૬ࣅ֦େ (ॖখ)
w = αz (ͨͩ͠ɼα ∈ R, α > 0)
α ∈ R, α > 0, β = 0, γ = 0, δ = 1ͷͱ͖Ͱɼ
αδ − βγ = α · 1− 0 · 0 = α = 0Λຬͨ͢ɽ
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(3) ݪ఺OΛத৺ͱ͢ΔճసҠಈ
w = αz (ͨͩ͠ɼ|α| = 1)
|α| = 1, β = 0, γ = 0, δ = 1ͷͱ͖Ͱɼ
αδ − βγ = α · 1− 0 · 0 = α = 0Λຬͨ͢ɽ
(4) ճస৳ॖ (ݪ఺OΛத৺ͱ͢ΔճసҠಈͱ૬ࣅ֦
େͷ߹੒Ͱఆٛ͢Δ)
w = αz (ͨͩ͠ɼα = 0)
α = 0, β = 0, γ = 0, δ = 1ͷͱ͖Ͱɼ





α = 0, β = 1, γ = 1, δ = 0ͷͱ͖Ͱɼ





(ͨͩ͠ɼαδ − βγ = 0)
͸ɼฏߦҠಈɼճస৳ॖɼٯ਺ม׵ͷ͍͔ͭ͘ͷ߹
੒Ͱද͞ΕΔ͜ͱΛࣔͤɽ
ղ γ = 0ͷͱ͖ɼαz + βΛ γz + δͰׂΔͱɼ
αz + β =
α
γ
























ΑΓɼγ = 0, αδ − βγ = 0ʹ஫ҙͯ͠ɼ








f3(z) = −αδ − βγ
γ2
· z (ճస৳ॖ)





w = (f4(f3(f2(f1(z))))) = (f4 ◦ f3 ◦ f2 ◦ f1)(z)
Ͱ͋Γɼ୊ҙͷ߹੒Ͱද͞ΕΔɽ
Ұํɼγ = 0ͷͱ͖ɼ0 = αδ−βγ = αδ−β ·0 = αδ
ΑΓɼα = 0, δ = 0ΛಘΔͷͰɼ
w =
αz + β
0 · z + δ =
α
δ

















ٯ਺ม׵ w = 1
z
ͷੑ࣭Λௐ΂ͯΈΑ͏ɽ










ղ w = 1
z
⇔ z = 1
w
͕੒ཱ͢Δɽ














(2) ͜ͷԁͷ൒ܘΛ r (> 0)ɼத৺Λ α (0 = α ∈ C)




r = |z − α| =














|α| ⇔ |w| :
∣∣∣∣w − 1α












∣∣∣∣ = |α| : r = 1 : 1
ΑΓɼ0ɼ1
α
͔Βͷڑ཭ͷൺ͕ |α| : r ( = 1 : 1)Ͱ͋Δ
఺ʹΑΔΞϙϩχ΢εͷԁɽ
(3) ݪ఺Λ௨Δ௚ઢ͸ɼ͋Δ α (0 = α ∈ C)ʹΑΓɼ
α, −αΛ୺఺ͱ͢Δઢ෼ͷਨ௚ೋ౳෼ઢͱͯ͠දͤΔ
ͷͰɼ͜ͷͱ͖ɼz ͸ |z − α| = |z − (−α)|ɼ͢ͳΘ
ͪɼ|z − α| = |z + α|Λຬͨ͠ɼz = 1
w
Λ୅ೖͯ͠ɼ∣∣∣∣ 1w − α
∣∣∣∣ =
∣∣∣∣ 1w + α
∣∣∣∣ ⇔ |1− αw| = |1 + αw|
⇔
∣∣∣∣ 1α − w
∣∣∣∣ =
















α (0 = α ∈ C)ͱ͢Δͱɼݪ఺ͱαΛ୺఺ͱ͢Δਨ௚ೋ





∣∣∣∣ 1w − α
∣∣∣∣ ⇔ 1 = |1− αw| = |α|







Λத৺ͱͯ͠ɼ൒ܘ͕ 1|α| ͷ (ݪ఺Λ௨
Δ)ԁΛ͕͑͘ɽ
͜͜Ͱ͸ɼz = 0, w = 0ͱͯٞ͠࿦͕ͨ͠ɼw = 1
zʹΑΓɼ
z → 0 ⇔ w → ∞,
z → ∞ ⇔ w → 0
Ͱ͋Δ͜ͱ͔Βɼܗࣜతʹ
z = 0 ⇔ w = ∞ (ແݶԕ఺),



















ࢥ͍ग़͢ੜె΋ଟ͍ɽ࣮ࡍɼz = 0 ͷͱ͖ɼ





















































































زԿతʹ͸ɼٯ਺ม׵ w = 1
z
ΑΓ΋ɼ୯Ґԁʹؔ͢

















|z − α| = r ⇔ |z − α|2 = r2
⇔ (z − α)(z − α) = r2
⇔ zz − αz − αz + αα− r2 = 0 · · · 1©
Ͱ͋Γɼzz, z, zͷ܎਺ͱఆ਺߲͸ॱʹ
1, −α, −α, αα− r2
Ͱɼ−αͱ−α͕ڞ໾Ͱ͋Δ͜ͱɼ1 ∈ R, αα−r2 ∈ R
ͳͲʹؾ෇͘ɽΑͬͯɼ͜ͷෳૉํఔࣜΛࣗવʹҰൠ
Խͨ͠ෳૉํఔࣜ
azz + βz + βz + c = 0 (a, c ∈ R, a = 0, β ∈ C)
Λߟ͑Δ͜ͱʹ͢Δɽಉ஋มܗʹΑΓɼ
azz + βz + βz + c = 0

















































Λಘͯɼββ − ac ∈ R, 0 = a ∈ R͔Β a2 > 0Ͱ͋Δ
























(∗) azz + βz + βz + c = 0










a = 1 (∈ R), β = −α (∈ C), c = αα− r2 (∈ R)
ͱ͓͘ͱɼ
ββ − ac = (−α)(−α)− 1 · (αα− r2) = r2 > 0
Λຬͨ͢͜ͱ͔Βɼ੒ཱ͕ূ໌͞ΕΔɽ
ิ଍ (∗)ʹ͓͍ͯɼҰൠʹ ββ = |β|2  0ͳͷͰɼ
ac < 0 ⇒ ββ − ac > 0




(1) 3zz + (6− i)z + (6 + i)z − 1
3
= 0
(2) 3zz + (6− i)z + (6 + i)z + 1
3
= 0























(2) (∗)ʹ͓͍ͯɼa = 3, β = 6+ i, c = 1
3
ͱ͓͚ͯɼ
ββ − ac = |6 + i|2 − 3 · 1
3















(∗)ʹ͓͍ͯɼܗࣜతʹ a = 0ͱ͢Δͱɼββ−ac =




βz + βz + c = 0 (c ∈ R, β ∈ C, β = 0)
͕ද͢ਤܗΛٻΊΑɽ
ղ c = 0ͷͱ͖ɼ
βz + βz + c = 0 ⇔ cβz + cβz + c2 = 0
⇔ ββzz + cβz + cβz + c2 = ββzz









































βz + βz = 0
⇔ 2(βz + βz) = 0
⇔ βz + βz = −(βz + βz)
⇔ zz + βz + βz + ββ = zz − βz − βz + ββ
⇔ (z + β)(z + β) = (z − β)(z − β)
⇔ |z + β|2 = |z − β|2









azz + βz + βz + c = 0
( ͨͩ͠ɼa, c ∈ R, β ∈ C, ββ − ac > 0 )














ಛʹ c = 0ͷͱ͖ɼazz + βz + βz = 0ΑΓɼ
ݪ఺Λ௨Δԁ
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(ii) a = 0ͷͱ͖ βz + βz + c = 0ΑΓɼݪ఺




((i)Ͱܗࣜతʹ a = 0ͱͯ͠ɼத৺∞ɼ൒ܘ
∞ͷԁͱΈͳͯ͠΋Α͍)





azz + βz + βz + c = 0
( a, c ∈ R, β ∈ C, ββ − ac > 0 )
Ͱද͞ΕΔʮԁ·ͨ͸௚ઢʯΛɼ୯Ґԁʹؔ͢Δ൓
స w = 1
z
Ͱม׵ͨ͠ਤܗΛٻΊΑɽ
ղ w = 1
z
ͳͷͰɼʮԁ·ͨ͸௚ઢʯ্ʹݪ఺ O͕͋
Δͱ͖ (͢ͳΘͪɼc = 0ͷͱ͖)ɼz = 0ʹରͯ͠ɼ
w = ∞ (ແݶԕ఺)͕ରԠ͢Δɽ·ͨɼʮ௚ઢʯͷͱ͖
(͢ͳΘͪɼa = 0ͷͱ͖)ɼz = ∞ (ແݶԕ఺)ʹର͠
ͯɼw = 0͕ରԠ͢Δɽ
ҎԼɼ͜ΕΒΛআ͍ͯɼ(z, w) = (0, ∞), (∞, 0)
ͱͯ͠ɼw = 1
z
⇔ z = 1
w
͕੒ཱ͢Δ͜ͱΛར༻͢Δɽ

















+ c = 0
⇔ cww + βw + βw + a = 0 · · · 2©
ͳͷͰɼββ − ca = ββ − ac > 0ΑΓɼwͷෳૉํఔ
ࣜ 2©ͷද͢ਤܗ͸ɼʮ௚ઢ·ͨ͸ԁʯͱͳΔɽ
͜͜Ͱɼ 1© ⇔ 2©ʹ͍ͭͯɼ࣍ͷରԠʹ΋஫ҙͯ͠
͓͘ɽ
• 1©ͷද͢ਤܗ͕ɼݪ఺OΛ௨Δʮԁ·ͨ͸௚ઢʯ
ͷͱ͖ɼ͢ͳΘͪɼc = 0ͷͱ͖ɼ 2©ͷද͢ਤܗ
͕௚ઢͰ͋Γɼແݶԕ఺Λ௨Δɽ

































  OA  a  㸪  OB  b  㸪҆BOA㸻ȟ࡜ࡋ  ࡚
   a b  a b cosT  
࡜ᐃ⩏ࡍࡿࠋ 
 
             











  a b  a1b1  a2b2  
࡜ィ⟬࡛ࡁࡿࠋ 
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